Results of morphometric analysis of the mound-building mouse (Mus spicilegus) evaluated in this study originate from field trapping in the eastern part of Slovakia during the years [2003][2004][2005][2006][2007][2008]. Twenty-four cranial and dental variables and the zygomatic index (A/B) of 80 skulls (43 males, 37 females) were measured and evaluated with respect to the sex of the mice. Despite the fact that the overlap of skull measurements in adult males and females was high, sexual dimorphism was confirmed for several skull and dental traits. On average, the values for adult females of M. spicilegus were higher than males, with the exception of dental traits and the zygomatic index. Significant differences between adult males and females were found for the mean values of ten skull and dental parameters (LB, LCb, FL, LD, LMd, LaZ, LM 1 , LM1, LaM 1 and LaM1). The values for the zygomatic index (A/B) overlapped between both sexes, but the higher average values in adult males were statistically significant. The results showed that the variability of the species confirmed in this paper was probably caused only at the regional level and did not differ from the findings reported by several authors for species from neighboring countries.
Introduction
The mound-building mouse, Mus spicilegus (Petényi, 1882), inhabits the natural steppe grasslands and agrocenoses in the lowland of Central and Southeastern Europe. The species occurs in lowland areas of Austria and Hungary, Romania, Northern Bulgaria, Southeastern Ukraine (Zagorodniuk 2002) , Northeastern Serbia, Moldova, the Belgorod and Rostov regions in Russia, Northeastern Bosnia and Herzegovina and Eastern Croatia (Musser & Carleton 1993; Macholán 1999; Bauer 2001; Vohralík & Sofianidou 2007; Krištofík & Stollmann 2012) . The northern border of its geographical distribution is in the southern parts of Slovakia (Krištofík & Danko 2003a, b; Krištofík & Stollmann 2012) . Macholán & Vohralík (1997) and Vohralík & Sofianidou (2007) have also confirmed the occurrence of the species in Albania and Northwestern Greece. Small isolated populations, described as Mus spicilegus adriaticus ssp. n. (Kryštufek & Macholán 1998) , have also been found to exist on the Adriatic coast in Ulcinj (Montenegro). Macholán (1996a) showed that a great similarity and overlap of some morphological patterns in a single species (three free-living mouse species and two commensal species of the genus Mus were discussed) caused the systematic identification of the genus Mus to remain unclear for several decades. Apart from molecular and biochemical methods (Gerasimov et al. 1990; Korobitsyna et al. 1993; Macholán et al. 2007 ) several traits on the skull or teeth were regarded as reliable methods of differentiation (Orsini et al. 1983; Sokolov et al. 1990; Lyalyukhina et al. 1991; Macholán 1996a Macholán , b, 2006 Macholán , 2008 Unterholzner & Willenig 2000; Cserkész et al. 2008 ).
Moreover, in older studies from Central and Southeastern Europe as well as from the former Czechoslovakia, the main differentiation traits were regarded as average body colouration, morphological size and the index of the tail, i.e. the ratio between the tail and the head-and-body length (Macholán 1996b) . Often all individuals caught outdoor from the genus Mus were automatically included to the subspecies Mus musculus spicilegus. This is the reason why the notes to the values of somatic measures of M. spicilegus or M. m. spicilegus, respectively, from the territory of Slovakia originating from earlier studies cannot be reliably accepted (Krištofík & Danko 2003b; Čanády et al. 2008) .
More recent data on some external characteristics of M. spicilegus from Slovakia have been published by Krištofík & Danko (2003b) and Čanády et al. (2008) . However, the variability of skull measurements has not been published by these authors and detailed analyses were not carried out. Greater attention was paid to morphometric variability (i.e. biometrical and craniometrical analysis) in the conditions of Central and Southeastern Europe (Pisareva 1948; Hamar 1960; Sokolov et al. 1990; Macholán 1995 Macholán , 1996a Macholán , b, 2006 Demeter et al. 1996; Kryštufek & Macholán 1998; Unterholzner & Wil-A. Čanády et al. lenig 2000; Bauer 2000; Popovici & Ion 2005; Popovici & Zamfirescu 2006; Cserkész et al. 2008) .
This study was undertaken because reports on the morphometric variability of M. spicilegus from Slovakia are still insufficient. In the present study we provide the first knowledge of morphological data of a marginal population of the species. The main aim was to evaluate whether or not sex-related differences exist in the northern population of M. spicilegus for the analysed skull and dental characteristics.
Material and methods
The individuals of M. spicilegus evaluated in this study originated from field trapping in the eastern part of Slovakia (Košická kotlina basin, near the village of Kechnec, 48 • 33 N, 21
• 14 E, 200 m a.s.l.) during the years 2003-2008. Each individual was sexed, weighed to the nearest gram (body weight) and dissected, and the states of activity of the gonads were examined. Therefore, determination of adulthood involved taking into account the condition of the reproductive organs (Pelikán 1974) . Age was also assessed from tooth wear (Lidicker 1966) . After external morphometric analysis (Čanády et al. 2008) , the heads were detached from the bodies and biologically prepared using Dermestes larvae. In order to obtain a greater degree of cleanness, the skulls were blanched in 3% hydrogen peroxide. Identification of the mice was based on the diagnostic signs described by Orsini et al. (1983) and Macholán (1996a) . The skulls are deposited in the collections of the Institute of Parasitology, Slovak Academy of Science in Košice.
The material consisted of 80 skulls (43 males, 37 females), which were evaluated as recommended by several authors (Niethammer & Krapp 1978; Kryštufek & Macholán 1998; Reutter et al. 1999; Unterholzner & Willenig 2000; Frynta et al. 2001; Cserkész et al. 2008 -width of first upper molar, LM 2+3 -length of second and third upper molar, LOID -length of lower molar row (alveoli), LOIC -length of lower molar row (crown), LM1 -length of first lower molar, LaM1 -width of first lower molar, LB -basal length, LCb -condylobasal length, LN -length of os nasale, LFI -length of foramen incisivum, LMd -length of mandible, LaZ -zygomatic breadth, LaI -interorbital width, ACr -brain-case height without the choanae; FL -facial length, i.e. distance from the gnathion after the aboral edge of the hard palate, CI -thickness of the incisor; IBW -width of the braincase; LaCh -width of the choanae; A -breadth of the upper ramus of the zygomatic process of the maxilla, B -breadth of the zygomatic arch. Finally, according to Orsini et al. (1983) , the zygomatic index (A/B), which appeared to be discriminate between species of the genus Mus, was evaluated as well.
Skull measurements, including of 24 cranial and dental parameters, were taken with a digital calliper with accuracy of 0.01 mm, while several traits were measured with a stereomicroscope Olympus SZ 400 (LFI, LN; LD; LaCh; LOSD, LOSC, LM 1 , LaM 1 , LM 2+3 , CI, LOID, LOIC, LM1, LaM1, A, B). Only adult individuals were measured to minimize the effect of allometric variation associated with growth. Moreover, to avoid undesirable variation due to potential asymmetry, the right side was always measured in paired characteristics.
The obtained data set (untransformed data) was evaluated using the following statistical characteristics: minimum and maximum (min-max), mean (M), standard deviation (SD) and coefficient of variation (CV). The normal distribution was tested using the D'Agostino-Pearson omnibus test and Shapiro-Wilk normality tests. We explored the relationships among several skull and dental traits with significant differences (see Table 2 in the Results section) using correlation analyses and principal component analyses (PCA). The PCA analyses were performed for females and males separately.
Before analysis, measurements were transformed using the Box-Cox transformation to reduce intra-sample variation and to improve normality. The Paired test was used to detect and evaluate variation between the sexes for each variable. A confidence level of 95% was accepted as significant. A statistical comparison of the data was done using standard methods (McDonald 2008) . All analyses were performed using MS Excel 2003 for Windows XP and the statistical analysis system GraphPad Prism version 5.01 (GraphPad Software, Inc., San Diego, California, USA). Principal component analyses were done using Statistical Software Origin Pro 8.6. (Microral Software Inc., Northamptom, USA).
Results
Different skull and dental variables of mound-building mice from the northern border of its geographical distribution were measured and evaluated. Using classical methods of descriptive statistics, we evaluated the variability of selected cranial traits of sexually mature adult males and females (Tables 1, 2 ). The coefficient of variance (CV) can be seen as an indicator of homogeneity of a sample. Overall, the values of the CV for several traits were higher, indicating a generally larger variability. The results confirmed that the most variable traits for both sexes were (A) and (B), the two components of the zygomatic index (A/B). In contrast, the least variable traits were mainly dental traits. Similarly, the molar-size variation, together with the smaller values of standard deviations, showed that molars belong among the most conservative characteristics. Sexual size differences were weaker in molars than in others measures, as predicted.
The overlap of skull measurements in adult males and females was high. Moreover, all measured skull and dental characters were sex-dependent, with femaledominant dimorphism confirmed for several traits. The results showed that adult females had higher average values than males in all skull variables with exception of dental traits and the zygomatic index. Significant differences were proven for six of them (LB, LCb, FL, LD, LMd and LaZ, Table 2 ). All remaining variables (LOSC, LOID, LOIC, LM 1 , LM 1 , LM 2+3 , LaM 1 and LaM 1 ) were higher in adult males, and significant differences were shown in four of them (LM 1 , LM 1 , LaM 1 and LaM 1 ). Only two traits -thickness of the incisor (CI) and breadth of the upper ramus of the zygomatic process of the maxilla (A) -had equivalent average values in both males and females. In adult males higher values were shown for the zygomatic index (A/B), and Explanations: n -number; M -mean; SD -standard deviation; CV -coefficient of variance. Explanations: Gender with higher mean values is shown with the significant levels * P < 0.05, * * P < 0.01, * * * P < 0.001; for others see Table 1 ; for abbreviations see Materials and methods.
the test confirmed that the difference was statistically significant (Table 2) . Moreover, we also examined the relationships between several skull variables in both sexes of M. spicilegus, respectively. In most cases, with the exception of relationships with the length of the first upper molar For explanations see Table 3 .
(LM 1 ), there were positive correlations, and some had a statistically significant difference (Table 3) . For males correlations mainly between LaZ-LD (n = 43, r = 0.68, P < 0.001), LCb-LMd (n = 40, r = 0.57, P < 0.001) and LB-FL (n = 41, r = 0.43, P < 0.01) were confirmed.
In contrast, for females correlations mainly between LB-LaZ (n = 37, r = 0.93, P < 0.001), LB-LD (n = 37, r = 0.82, P < 0.001), LB-FL (n = 37, r = 0.77, P < 0.001) and LaZ-LD (n = 37, r = 0.77, P < 0.001) proved to be higher.
The results of principle component analysis (PCA) are given in Table 4 . The results of PCA for males showed that the first two principal components (PC1-PC2) explain 64.52% of the variation. The first principal component (PC1) explained 43.02% of the total variance and was correlated mainly with the length of the upper diastema (LD, r = 0.47), the length of mandible (LMd, r = 0.42) and the zygomatic breadth (LaZ, r = 0.40).
The second factor (PC2) accounted for only 21.50% and was correlated with the basal length (LB, r = 0.45) and the length of mandible (LMd, r = 0.485).
Finally, the third principal component (PC3) accounted for only 12.68% of overall variation and was highly associated with the basal length (LB, r = 0.53) and the length of the face (FL, r = 0.47).
Similarly, the results of PCA for females showed that the first two principal components (PC1-PC2) explain 71.46% of the variation. The first principal component (PC1) explained 50.31% of the total variance and was correlated mainly with the basal length (LB, r = 0.49) and the zygomatic breadth (LaZ, r = 0.448).
The second factor (PC2) accounted for 21.15% and was correlated with the condylobasal length (LCb, r = 0.69) and the length of mandible (LMd, r = 0.56).
Finally, the third principal component (PC3) accounted for only 14.99% of overall variation and was highly associated with the length of first upper molar (LM 1 , r = 0.81) and the length of mandible (LMd, r = 0.56).
Discussion
It was confirmed that European house mice from various parts of their range differ in skull and dental traits (Pisareva 1948; Orsini et al. 1983; Sokolov et al. 1990; Gerasimov et al. 1990; Lyalyuchina et al. 1991; Demeter et al. 1996; Macholán 1996a Macholán , b, 2008 Kryštufek & Macholán 1998; Unterholzner & Willenig 2000; Bauer 2001; Cserkész et al. 2008) . At the same time, the mentioned authors showed that the numerical values of most of these measurements overlap between different species, subspecies and between the sexes as well. Macholán (1996b) proved that Mus domesticus was morphologically the most variable of all the European mice, and this variability was not consistent with the distribution of the subspecies domesticus and brevirostris. Moreover, the latest author showed a slight overlap between M. domesticus and both eastern aboriginal species, Mus spicilegus and Mus macedonicus. In comparison with M. domesticus, Mus musculus appeared to be more homogenous, though with an apparent decline of certain size variables (LC, LCb, LB and LaZ) . This tendency was more marked in females, and those from certain M. musculus populations, especially from the western parts of the range, tended to have significantly higher values of these variables, and an apparent west-to-east gradient was revealed. Similarly, it was revealed that condylobasal length (LCb) significantly decreased from west to east in females. In contrast, for males the differences were non-significant.
The present study included the first records on sexual dimorphism in M. spicilegus from the southern parts of Slovakia, which represents the northern border of its geographical distribution. The results presented here reveal that sexual differences actually exist in M. spicilegus in several cranial traits. Unterholzner & Willenig (2000) from Austria presented a very comprehensive analysis of the morphological parameters in M. spicilegus together with basic data of measures from the north-western border of its distribution, while Sokolov et al. (1990) and Lyalyuchina et al. (1991) did so from Moldova and Ukraine, respectively. On the basis of the measured skulls it was confirmed that adult females of M. spicilegus had higher mean values in all longitudinal measured parameters (Unterholzner & Willenig 2000) . Similarly, higher mean values, with the exception of dental traits and the zygomatic index, were found in adult females of the eastern Slovakia population. Moreover, our results showed a correlation between several skull traits. It should be also noted that sexual dimorphism in favor of females was also confirmed even when somatic traits were compared (Čanády et al. 2008) .
Adult males from Austria had higher mean values in interorbital width (LaI), while in our results adult females showed higher values in this trait. In two parameters, zygomatic breadth (LaZ) and brain-case height without choanae (ACr), adult females from Austria had higher values than adult males. The same results were confirmed in our population, as well. Higher mean values were found in the dental traits of adult males in the length of the first lower molar (LM 1 ) for both compared populations. In contrast, different results were shown for the values of the length of the first upper molar (LM 1 ) and for the width of the first upper molar (LaM 1 ). Higher values were confirmed for both traits in adult females from Austria, while in the material examined from Slovakia the mean values of all dental traits were higher for adult males. Moreover, Unterholzner & Willenig (2000) did not present the statistical significance for their evaluated data; in our population significant differences were proven in several variables, namely for adult females (LB, LCb, FL, LD, LMd and LaZ) and for adult males (LM 1 , LM 1 , LaM 1 , LaM 1 and A/B). Sokolov et al. (1990) and Lyalyuchina et al. (1991) presented the values of cranial parameters of M. spicilegus from Moldova, Central Ukraine and Southeastern Ukraine. The comparison of our data with results published by the mentioned authors showed that adult individuals (males and females pooled) from Ukraine and Moldova had higher mean values in five variables (LD, LOSD, LOID and LaI). In contrast, higher mean values were found in LaZ and the zygomatic index (A/B) in our sample of mice. Despite this fact, we assume that without differentiating sex when testing craniometric traits, distortions of the real differences in the evaluated samples occur.
Similarly, data from the literature on the mean values of the zygomatic index (A/B) for European populations of M. spicilegus are very variable. Unterholzner & Willenig (2000) presented mean values (0.95) for the Austrian population. Similarly, Cserkész et al. (2008) reported mean values (0.90) for the zygomatic index of the Hungarian population of M. spicilegus. The results for adult individuals (0.90) obtained in this study were in accordance with to above-mentioned data from the literature. Similarly, the CV values greater than 10% confirmed that these characteristics are highly variable, while the value of dental parameters showed the smallest variability. Sokolov et al. (1990) and Lyalyuchina et al. (1991) stated markedly lesser values (0.50) for adult individuals from Moldova, Central and Southeastern Ukraine. These significant differences may be due to a subjective measurement error caused by the unfixed endpoints during analysis (Cserkész et al. 2008 ). According to the mentioned authors, using this variable alone one would expect incorrect identification in a small number of cases. Most authors therefore recommend for determination the use of dental characteristics whose dimensions, but especially their shape, are specific to individual species.
In conclusion, the results showed that the variability of the species confirmed in this paper was probably caused only at the regional level and did not differ from the findings reported by several authors for species from neighboring countries.
